Gas chromatography (GC) and gas chromatographymass spectrometry (GC/MS)
Qualitative and quantitative analyses of S. sclarea oil was performed using GC and GC/MS. The GC analysis was carried out on a GC HP-5890 II apparatus equipped with a split-splitless injector attached to an HP-5 column (25 m x 0.32 mm, 0.52 µm film thickness) and fitted to an FID. The carrier gas (H 2 ) flow rate was 1 mL/min at a split ratio of 1:30. The injector temperature was 250°C, the detector temperature 300°C. The column temperature was linearly programmed from 40° to 240°C (at a rate of 4°/min). The same analytical conditions were employed for GC/MS analysis, where an HP G 1800C Series II GCD system equipped with an HP-5MS column (30 m x 0.25 mm, 0.25 µm film thickness) was used. The transfer line was heated to 260°C. Mass spectra were acquired in the EI mode (70 eV) in an m/z range of 40-400. Identification of individual oil components was accomplished by comparison of retention times with standard substances and by matching mass spectral data with MS libraries (NIST/NBS and Wiley 275.l) using computer search and literature sources (A d a m s , 2001 ). For quantitative analysis, area percent data obtained by FID were used as the base.
Antifungal assay
Antifungal activity was tested using the following micromycetes: Aspergillus niger (ATCC 6275), A. ochraceus (ATCC 12066) 
Microdilution method
In order to investigate the antifungal activity of essential oil, a modified version of the microdilution technique was used (H a n e l and R a e t h e r , 1988; D a o u k et al., 1995). Fungal spores were washed from the surface of agar plates with sterile 0.85% saline containing 0.1% Tween 80 (v/v). The spore suspension was adjusted with sterile saline to a concentration of approximately 1.0 x 10 5 in a final volume of 100 µL per well. The inocula were stored at 4°C for further use. Dilutions of the inocula were cultured on solid MA to verify the absence of contamination and to check the validity of the inoculum. Determination of MIC values was performed by a serial dilution technique using 96-well microtiter plates. The investigated essential oils were dissolved in MA or SDA broth containing fungal inoculum. The microplates were incubated for 72 h at 28°C. The lowest concentrations without visible growth (under a binocular microscope) were defined as the minimal concentrations which completely inhibited fungal growth (MIC). The minimal fungicidal concentrations (MFC) were determined by serial subcultivation of a 2-µL volume on microtiter plates containing 100 µL of broth per well and further incubation for 72 h at 28°C. The lowest concentration with no visible growth was defined as the MFC, indicating 99.5% killing of the original inoculum compared to bifonazole.
Micromycetes were cultivated on malt agar (MA) were cultivated on malt agar (MA) medium at room temperature for 24 h
(B o o t h , 1971). Minimal inhibitory concentrations (MIC)
Minimal inhibitory concentrations (MIC) and minimal fungicidal concentrations (MFC) were determined. The lowest concentrations without visible growth were defined as the MIC, while MFC values were determined as the lowest concentrations with no visible growth after reinoculation of the original inoculum. The commercial drug bifonazole was used as a positive control.
RESULTS AND DISCUSSION
The results of chemical analysis of S. sclarea essential oil are presented in Table 1 . The 34 identified components represent 98.94% of the total oil. The main components were linalyl acetate (52.83%), linalool (18.18%), α-terpineol (5%), α-pinene (4.57%), 1.8-cineole (2.29%), limonene (1.55%), β-caryophyllene (1.83%) and β-terpineol (1.19%). A previous study reported that S. sclarea oil contains linalyl acetate, linalool, geranyl acetate, and terpineol as the main components (P i t a r o k i l i et al., 2002). Oil of clary sage from Italy possessed linalool, linalyl acetate, geranyl acetate, trans-β-ocimene, and caryophyllene oxide as the dominant components (F r a t e r n a l e , 2005). S o k o v i ć (2001) reported the chemical composition of wild S. sclarea from Southern Serbia. According to her study the main constituent of the oil was the diterpene sclareol (28.29%). F a r k a š et al. (2005) found that clary sage oil from flowers was characterized by high content of linalool, sclareol, and linalyl acetate, whereas gemacrene D, bicyclogermacrene, β-caryophyllene and spathulenol were found as major components in the leaf oil.
The minimal inhibitory and fungicidal concentrations (MIC and MFC) of S. sclarea oil are presented in Table 2 .
In tests based on the microdilution method, the essential oil exhibited fungicidal characteristics with MIC and MFC values of 2.5-25 µl/ml. A concentration of 25 µl/ml showed fungicidal activity against Aspergillus, Penicillium, and Fusarium species and Trichoderma viride. For the species Mucor mucedo and Aspergillus viride, the MFC was 15 µl/ml; and for C. albicans, it was 10 µl/ml, as in the case of bifonazole. Fungistatic and fungicidal activities of the oil against Cladosporium cladosporioides and Trichophyton menthagrophytes were recorded at concentrations of 2.5 µl/ml and 5 µl/ml. The most sensitive micromycetes were C. fulvum, A. pullulans, A. alternata, P. helianthi, and P. macdonaldii , where a concentration of 2.5 µl/ml was lethal.
According to yo u s e f z a d i e t a l . (2007) 
